• Eosinophilic gastrointestinal diseases (EGIDs) are rare chronic, inflammatory disorders of the gastrointestinal (GI) tract with unknown long-term sequelae. The clinical presentation depends on the involved GI site as well as the extent and the depth of eosinophilic inflammation through the bowel wall.
Introduction
Eosinophilic gastrointestinal diseases (EGIDs) are rare chronic inflammatory disorders characterized clinically by a variety of symptoms (Table 1) depending on the segment of the gastrointestinal (GI) tract involved and histologically by eosinophilic inflammation of different parts of the GI tract (Table 2 ), in the absence of an identifiable secondary cause (Table 3 ) [1] .
EGIDs are subclassified into eosinophilic esophagitis (EoE), eosinophilic gastritis (EG), eosinophilic gastroenteritis (EGE), and eosinophilic colitis (EC) depending on whether the eosinophilic infiltration is limited to the esophagus, stomach, small intestine, and colon, respectively. In some occasions, multiple parts of the GI tract can be involved, simultaneously or sequentially.
The definition, epidemiology, clinical manifestations, histological features, and treatment options of each of the EGIDs follow below.
Eosinophilic Esophagitis
EoE is a chronic immune/antigen-mediated inflammatory disease of the esophagus characterized clinically by symptoms related to esophageal dysfunction and histologically by dense esophageal inflammation [2] . The incidence of EoE is 5.1/100,000 persons/year, while the prevalence is about 29.5 cases/100,000 inhabitants [3] .
The disease is more common in males and in patients with atopic diseases [4] , mainly due to food allergens and aeroallergens [5] , although it occurs also in patients with no history of atopy. The most common food triggers of EoE are milk, followed by wheat, soy, and eggs [4] .
Clinical symptoms of EoE vary depending on age. The most common symptoms in infants and toddlers are feeding difficulties, in children vomiting and abdominal pain, while in adolescents, dysphagia and food impaction (Table 1) .
Currently, there are no available specific biomarkers for the diagnosis of the disease; therefore, the diagnosis relies only on endoscopy and histology. The endoscopic findings in children with EoE vary from the presence of esophageal rings, furrows, and/or white exudates (Fig. 1a,  b) to, less often, narrowing of the caliber of esophagus, although the presence of a normal esophagus does not exclude the diagnosis.
The main histological feature of EoE is dense but patchy eosinophilia of esophageal mucosa, usually associated with microabscesses, superficial layering, or extracellular eosinophil granules (Fig. 2a-c) . The presence of at least 15 eosinophils per high-power field (eos/hpf), as peak value in at least one esophageal mucosal biopsy, is required for the histological definition of the disease (Table 2) [6] . The ESPGHAN recommends at least two to four esophageal biopsies to be taken from both the proximal and distal esophagus, regardless of the endoscopic appearance of the esophagus [7] .
Esophageal eosinophilia is not an exclusive feature of EoE and, therefore, differential diagnosis should include other diseases that are associated with esophageal eosinophilia (Table 3) .
The treatment of EoE has the following goals: (i) to achieve clinical and histological remission of the disease, (ii) to maintain remission, and (iii) to avoid iatrogenic damage. The efficacy of the treatment relies on demon- Three elimination diets have been used for treating EoE: (1) exclusive enteral nutrition with an amino acidbased formula (AAF); (2) empiric elimination diet; (3) targeted elimination diet. Exclusive enteral nutrition with an AAF consists of complete removal of food allergens from the diet substituted by a hypoallergenic formula based on amino acids and is reported to induce remission in up to 90% of adults and children with EoE [8] . Due to the high cost and the big number of endoscopies needed during food re-introduction, however, AAF is reserved for young infants with multiple food allergies, particularly in patients who do not respond or do not wish to follow a strict diet with multiple food elimination [7] . The targeted elimination diet is based on removal of foods detected with specific allergy testing and/or history of allergy and has limited place in the treatment of EoE, inducing remission in 45.5% of patients, because allergy testing cannot demonstrate the causative foods of the disease but only food sensitization [8] . The empiric elimination diet is based on removing the food allergens that have shown to strongly correlate with EoE from the diet. The six-food elimination diet (eliminating dairy products, soy, eggs, wheat, peanuts, fish, and shellfish) is the most studied empiric elimination diet. It has been reported to be highly effective in treating EoE, achieving histological remission in 75% of patients with EoE [8] . Recently, the four-food elimination diet, avoiding cow's milk, wheat, eggs, and legumes, was reported to achieve histological remission in 71% of children with EoE [9] , while an even more recent study showed that a step-up diet strategy in treating childhood EoE is feasible: the two-food elimination diet restricting animal milk and gluten-containing cereals achieved remission in 40% of the patients with EoE, while the four-food elimination diet achieved remission in 52% and the six-food elimination diet in 65%. Amongst responders to a two-food elimination diet, the most common food triggers were animal milk and gluten-containing cereals (15%), while animal milk alone or gluten-containing cereals alone were reported in 60 and 25% of patients, respectively [10] .
Based on the above findings, many clinicians prefer the step-up approach, eliminating, initially, two foods (dairy products and eggs or gluten-containing cereals), upgrading to four-and to six-food elimination in nonresponders, reserving the exclusive enteral nutrition with AAF for highly selected children. The above step-up di- 1 The histological finding of increased numbers of eosinophils per high-power field (eos/hpf) in a biopsy specimen of the GI tract has no proven biological importance and cannot be used as the only tool for the differential diagnosis of EGIDs from other GI diseases etary strategy reduces the number of upper endoscopies and the diagnostic process time by 35%. In infants and toddlers, in whom cow's milk protein allergy is common, one-food elimination may have a place, but this has to be tested in randomized controlled trials. The use of diet treatment requires supervision by an experienced dietitian, to ensure compliance with the diet and to avoid nutritional compromise.
With regards to drug therapy of EoE, several drugs have been assessed including PPIs, corticosteroids (oral systemic and topical), cromolyn sodium, leukotriene receptor antagonists, and biologics (mainly anti-IgE and anti-IL-5 monoclonal antibodies). From the above drugs, PPIs and corticosteroids proved to be effective in treating children with EoE. PPIs have acid-suppressive but also anti-inflammatory effects and therefore may induce remission in 45% of patients with EoE [11] , probably with a milder form of the disease. The recommended dose of PPIs is 1 mg/kg per dose, twice daily with the maximum dose reaching the adult dose of 20-40 mg once or twice daily depending on the patient and PPI. Oral systemic steroids are highly effective in inducing clinical and histological remission in children with EoE as early as at 2-4 weeks. Considering, however, the risks associated with the chronic use of oral systemic steroids, their use is considered only when immediate relief of the patient's symptoms such as severe dysphagia, weight loss, or esophageal stenosis, is needed. The effective dose for eliminating clinical symptoms and histological abnormalities is 1-2 mg/kg/day of prednisone with the maximum dose reaching 40-60 mg. Topical steroids (swallowed fluticasone propionate and oral viscous budesonide) were assessed in patients with EoE and proved efficacy in achieving histological remission in patients with EoE as well as in maintaining remission. Fluticasone propionate is sprayed into the mouth with the lips sealed around the device and the patient is advised not to drink or eat for the next 30 min. This drug was reported to induce remission in 50% [12] to 91% of the patients [13] . The suggested dosage ranges from 88 to 440 μg twice to 4 times daily for children and from 440 to 880 μg twice daily for adolescents/adults. Oral viscous budesonide is prepared by mixing a liquid solution of budesonide 1 mg/2 mL (the preparation used for inhalations) and 5 g of sucralose. The administration of this preparation achieves histological remission in 87% of children [14] and in 72% of adolescents and adults with EoE [15] . The recommended dosage of oral viscous budesonide is 1 mg daily for children < 10 years and 2 mg daily for older children and adults [6] . Viscous topical slurry is more effective than nebulized steroid therapy for patients with EoE, as it provides increased concentration of the drug in the esophagus [16] . The main side effect of topical steroids is oral candidiasis, resolving following drug discontinuation. Drug titration should be initiated after confirming histological remission following symptom resolution with a repeat endoscopy at 4-12 weeks following drug introduction. Continuation of drug therapy is needed for several months to maintain remission, but the optimal regimen, dose, and duration still need to be determined.
Other drugs that have been tested for the treatment of EoE are sodium cromoglycate or montelukast, a leukotriene receptor antagonist, but they could not demonstrate any efficacy and thus are not recommended for treating EoE. The same is true for immunomodulating drugs and biologics. The efficacy of monoclonal antibodies against IL-5 in children with EoE needs further evaluation, while anti-IgE monoclonal antibodies were effective in improving food tolerance but not in achieving histological remission [17] . Patients with severe dysphagia due to esophageal stenosis, who do not respond to medical treatment, have their symptoms relieved with endoscopic esophageal dilatation, which is performed in combination with medical treatment. Furthermore, some patients with EoE have seasonal exacerbations of the disease, caused by inhaled aeroallergens including pollens and moulds, and are often associated with food impaction [18] . In case of an established pattern of seasonal exacerbations in children with EoE, preventive measures using topical corticosteroids may be used.
In conclusion, EoE is a chronic, relapsing inflammatory disease of the esophagus which often requires prolonged therapy. Investigations and treatment need to be individualized. Further randomized studies to assess the efficacy of biological markers in disease diagnosis and prognosis, the most appropriate regimen, dosing, and duration of the maintenance therapy in different disease phenotypes, as well as the efficacy of novel agents for treating refractory disease, are urgently needed.
Eosinophilic Gastritis
EG is a clinical entity characterized by dense eosinophilic infiltration of the stomach wall. It is the second most common form of EGID after EoE, with a prevalence of about 6.3 patients per 100,000 individuals [19] . EG is found to be more prevalent among older age groups, with female predominance [19] . Furthermore, an association with documented allergic conditions was reported in 58.9% of children and in 33.6% of adults with EG [19] . The histological criteria (Table 2) for the diagnosis of EG include the presence of dense eosinophilic inflammation of the gastric mucosa [20, 21] , associated with eosinophil cryptitis, eosinophilic abscesses (Fig. 3) , or the presence of eosinophils in the submucosa and muscularis mucosa. It has been proposed that ≥30 eos/hpf in ≥5 hpf are needed for the histological diagnosis of EG [20, 21] , but this has to be confirmed by further studies in children. Furthermore, apart from the eosinophilic activation, mast cells and FOXP3-positive lymphocytes have also been reported to be activated in EG [22] .
The clinical manifestations depend on the gastric layer involved in the inflammatory process. Of these, the mucosal involvement is the most common, presenting clinically with epigastric pain, nausea, vomiting, and early satiety, while the laboratory findings include peripheral eosinophilia, hypoalbuminemia, and iron deficiency anemia [23] . Furthermore, case reports in infants have attributed pyloric stenosis to EG [24] and the same was true for isolated giant ulcers resistant to PPIs, mainly in adolescent girls [25] .
Endoscopy reveals nodules in the gastric mucosa, erythema and ulceration or erosions (Fig. 4) , even though in some cases, the mucosa may appear completely normal [23] .
Corticosteroids in their oral or topical form seem to be an effective therapy of EG. Case reports have suggested the off-label use of budesonide in the form of capsules dissolved in water, to target the upper GI tract [26] , while others indicated that fluticasone led to a resolution of eosinophilic gastric inflammation when used initially to treat EoE [27] .
In some children with EG, food antigen restriction may resolve both the symptoms and the histology abnormalities. Ko et al. [23] reported, in a retrospective study, that 82% of the patients with EG achieved clinical and 78% histological remission following elimination diet (elemental diet, elimination diet excluding milk, egg, wheat, soy, peanut/tree nuts, fish/shellfish, and red meat from the diet and also empiric avoidance of 1-3 foods). However, due to the fact that only up to 5 children per each dietary treatment group underwent a histological evaluation, no strict conclusions could be drawn from the above study [23] . An interesting finding in that study, however, was that although 86% of patients were found to be sensitized to several foods using skin prick tests or serum analyses, no correlation was found between response to dietary therapy and food sensitization [23] .
In conclusion, EG is a chronic, relapsing disease, although its long-term outcome and clinical consequences are poorly defined. Elimination diet and/or steroids are considered as the first-line therapy for induction of remission. More studies are needed to assess the efficacy of different therapeutic approaches for maintenance.
Eosinophilic Gastroenteritis
EGE is a rare inflammatory disorder, characterized by eosinophilic infiltration of the stomach and small intestine (Fig. 5a, b) , and in some cases, the esophagus and colon without any other known causes of GI eosinophilic inflammation [1] .
The diagnosis of EGE is based, histologically, on the presence of a dense eosinophilic inflammation of the intestine often associated with eosinophilic degranulation [21, 28, 29] . It has been proposed that > 50 eos/hpf are needed for the histological diagnosis of EGE (Table 2) , but this number has to be confirmed by further studies in children. The prevalence of EGE is approximately 5.1 per 100,000 individuals [30] . EGE is more common among children of age < 5 years [19] . It presents clinically with abdominal pain, abdominal distention, nausea, vomiting, diarrhea, weight loss, and sometimes with serious complications such as intestinal obstruction and perforation [31, 32] . Fifty-two percent of children and 41.8% of adults with EGE have a history of an allergic disease [19] . The clinical features of EGE vary according to the location, extent, and layer(s) involved in the inflammatory process [33, 34] . Mucosal disease may present with abdominal pain, nausea, vomiting, early satiety, and diarrhea, often associated with failure to thrive or weight loss. Patients with diffuse small intestine disease may develop malabsorption, anemia, and hypoalbuminemia [34] . In case of involvement of the muscular layer, eosinophilic inflammation may cause wall thickening, impaired motility, and intestinal obstruction presenting clinically with nausea, vomiting, and abdominal distention that may lead to perforation [35] . Subserosal disease is presenting with ascites [35] .
As for the other EGIDs, except for EoE, there are no consensus diagnostic criteria for EGE. The diagnosis is based on the presence of GI symptoms (Table 1) , eosinophilic infiltration of the GI tract (Table 2) , or eosinophilic ascites on condition of the exclusion of other causes of intestinal eosinophilia (Table 3) .
Laboratory findings include peripheral blood eosinophilia in 20-80% of patients [35] with an average absolute eosinophil count of 1,000 cells [36] . Mucosal and subserosal EGE are characterized by higher eosinophil counts compared to muscular EGE with an average absolute eosinophil count of 2,000 and 8,000 cells/μL, respectively. Serum albumin may be low due to protein-losing enteropathy and iron deficiency anemia may occur due to impaired iron absorption and occult GI bleeding, especially in the mucosal subtype of the disease [34] . Imaging studies in patients with the muscular subtype of the disease may reveal irregular narrowing of the gut lumen. In patients with serosal disease and ascites, ascetic fluid analysis shows a marked elevation of the eosinophil counts [34] .
Endoscopic findings of EGE appear to be nonspecific and range from nodular or polypoid appearance of the mucosa to erythema, friability, and occasional ulcers (Fig. 6 ) or erosions [37] .
Biopsies should be taken from both normal and abnormal appearing mucosa since even a normal appearing mucosa can be infiltrated by eosinophils [38] . At least 4-5 biopsies should be taken from the stomach and the small intestine, including from the macroscopically normal mucosa. Patients with muscular or subserosal type of EGE can have normal mucosal biopsies. In that case, laparoscopic full-thickness biopsy should be performed to confirm the diagnosis. Laparoscopic full-thickness biopsy should also be performed in patients with intestinal wall thickening and/or obstruction to exclude a possible underlying malignancy. The differential diagnosis of EGE includes several diseases associated with eosinophilic inflammation of the GI tract (Table 3) .
Due to the rarity of EGE, there are only limited data concerning the best treatment option based on the severity of symptoms. Reed et al. [39] assessed the efficacy of various treatment modalities including dietary therapy, corticosteroids, mast cell inhibitors, H2 antagonists, and leukotriene receptor antagonists in 44 patients with EGE, including children, for an average of 26.2 months with 76% of patients needing more than one treatment option. When all treatment modalities were included, 60% of patients achieved clinical remission, while 51% achieved histological remission [39] .
In symptomatic patients and in those with symptoms of malabsorption, an initial therapeutic approach could involve elimination diet [40, 41] . Gonsalves et al. [42] , in a study involving adults with EGE, found a significant reduction in symptoms, complete histological remission, improvement in endoscopic findings, and normalization of peripheral eosinophilia after the six-food elimination diet or AAF within a period of 6 weeks. Katz et al. [43] reported that infants below 1 year of age, but not older children, responded well to cow's milk protein elimination diet.
Whenever dietary therapy is used, it should be supervised by an expert to assure patients' compliance and avoid nutritional compromise. Food reintroduction starts slowly, from least to most allergenic foods, following demonstration of histological remission of the disease.
Evidence to support the use of glucocorticoids in EGE is based on case series [37, 44] . Glucocorticoids are known to decrease the chemotaxis of inflammatory cells including eosinophils, decrease the release of eotaxins and other inflammatory mediators, and reduce permeability. The use of steroids is usually associated with a rapid improvement (within 2 weeks), regardless of the depth of inflammation through the bowel wall [44] and, therefore, a rapid tapering over the following 2-4 weeks is suggested. Fibrosis is much less common in EGE compared to EoE; therefore, oral steroids can be used at a minimum effective dose, e.g., 0.5-1 mg/kg with a maximum dose of 40 mg, while the whole duration of the treatment with oral steroids should not exceed 6 weeks. It should be noted, however, that discontinuation of steroids is often associated with disease relapse [45] .
Furthermore, the use of oral budesonide suspension or the ileal releasing budesonide enteric capsules [46] crashed and dissolved in water or juice in order to reach upper GI segments has been beneficial in some patients with EGE involving the antrum and the small bowel [26] , while the standard preparations are useful in case of ileum involvement. Other drugs have also been evaluated for the treatment of EGE. Sodium cromoglycate that inhibits the release of mast cell mediators and the antigen absorption in the gut or montelukast, that is a leukotriene antagonist, do not manage to induce clinical or histological remission when used as sole therapy [39] . Ketotifen (an H1-antihistamine and mast cell stabilizer), in small series of patients, improved clinical symptoms and tissue eosinophilia [47] . Humanized anti-IL-5 antibody was reported in a pilot study, to reduce peripheral and tissue eosinophilia but failed to improve symptoms, while it was associated with histological relapse after drug discontinuation [48] . Finally, thiopurines were reported to be effective in refractory cases [49] , while omalizumab, an anti-IgE monoclonal antibody, was associated with improvement in symptoms but not of histological abnormalities [50] . Surgical treatment should be avoided and limited only to cases of persisted pyloric or small bowel obstruction despite treatment.
The natural history of EGE is poorly defined. Pineton de Chambrun et al. [51] reported in 43 patients with EGIDs that 18 (42%) had no relapses after initial diagnosis, 17 (37%) had multiple relapses, while 9 (21%) developed chronic disease. In patients with recurring disease, the intervals of remission between relapses ranged from months to years. Similarly, Reed et al. [39] claimed that only one-third of the pediatric and adult patients with EGE had long-lasting remission. The most common complication of the disease is GI obstruction, while fatal outcomes are fortunately rare.
To conclude, EGE is a rare inflammatory GI disease. Clinical symptoms depend on the segment of the GI tract involved as well as the extent and depth of eosinophilic infiltration through the bowel wall. The diagnosis is based on the finding of dense eosinophilic infiltration of the stomach and/or small intestine in the clinical context. First-line treatment for induction of remission includes elimination diet and/or steroids, while maintenance therapy is tailored to the individual. Long-term follow-up studies to determine the longterm outcomes of different disease phenotypes, are urgently needed.
Eosinophilic Colitis
EC is a rare inflammatory GI disorder characterized clinically by symptoms related to colonic dysfunction and colon biopsies histology indicating excessive accumulation of eosinophils [52] . The prevalence of EC is estimated to be about 2.1 per 100,000 individuals [30] , with no prominent differences related to age or gender [19, 30] , although some authors claimed a predominance of males [53] . Associated atopy has been reported in 52.0% of pediatric patients and in 35.9% of adults with EC [19] .
Common histological abnormalities found in colonic biopsies from patients with EC include increased eosinophilic density (Fig. 7) , eosinophilic cryptitis or crypt abscesses, crypts architecture impairment, increased intraepithelial eosinophils, and/or the presence of eosinophils in the muscularis mucosa and submucosa [54] .The histological criteria for diagnosing EC in adults include the presence of at least 100 eos/hpf in the cecum and ascending colon, 84 eos/hpf in the transverse and descending colon, and 64 eos/hpf in the rectosigmoid area [21] . In children, there is no consensus on the cutoff number of eosinophils for EC diagnosis, although numbers above 50 eos/hpf [55] depending on the site of the colon, in the clinical context, may aid the EC diagnosis, but this needs to be confirmed by further studies in children. ................................................................................................................... The most common symptoms of EC (Table 1) are abdominal pain and diarrhea, while volvulus or intussusception have also been reported [56] . Endoscopic findings include mucosal granularity, erythema, the presence of ulcers or erosions, and/or white exudates.
EC is thought to be an enigmatic disease since several studies have documented the presence of eosinophilic infiltration in colonic biopsies of patients with allergy or inflammatory bowel disease [57] . The presence of inflammatory cell populations in combination with excessive eosinophilic infiltration may raise the suspicion of inflammatory bowel disease, while the presence of deposits of both IgE and tryptase in perineural areas may raise the suspicion of EC [58] . Furthermore, colonic tissue eosinophilia can also be found in patients with other disorders that need to be considered in the differential diagnosis (Table 3) .
The most effective treatment of EC are corticosteroids. It should be noted, however, that a subgroup of patients, mainly infants or young children, may also benefit from the elimination diet [59] , while the use of anti-TNF biological drugs such as infliximab or adalimumab may achieve long-lasting remission in refractory disease [60] .
Conclusions
EGIDs are emerging chronic, inflammatory disorders in childhood with largely unknown long-term consequences. Their clinical presentation depends on the GI layer involved, the extend of the inflammation in the GI tract, and the depth of the eosinophilic inflammation through the bowel wall. In the absence of reliable biological markers, the diagnosis of EGIDs is based on the histological findings in biopsy specimens taken from the GI tract of symptomatic children, a quite challenging issue given the absence of strict histological criteria for EGID (apart from EoE) diagnosis. The exclusion of secondary causes of GI inflammation is critical. Therapeutic approaches are based mainly on case reports and small series of patients. First-line therapy includes elimination diets and/or drugs that are chosen depending on the involved GI segment. International, consensus recommendations on EGID diagnosis are urgently needed, in order to facilitate high-quality randomized controlled trials to assess the efficacy of various treatment approaches for achieving and maintaining remission while ensuring normal growth and quality of life. 
